INTRODUCTION {#sec1-1}
============

Chronic peritoneal dialysis (CPD) is an effective treatment modality in the management of children with end-stage renal failure (ERDS).\[[@ref1][@ref2]\] There are three main techniques for peritoneal dialysis (PD) catheter insertion; open surgical technique, percutanous Seldinger technique, and laparoscopic technique.\[[@ref3][@ref4][@ref5]\] The best technique for inserting PD catheter is still controversial.\[[@ref6]\] Recently, laparoscopic technique has become more popular owing to the shorter hospital stay and more accurate placement of the catheter.\[[@ref7][@ref8]\] Peritonitis and catheter-related infections are still common complications and they are major causes of morbidity.\[[@ref9]\] Peritonitis, pericatheter leakage, exit site infection, failure of fluid drainage due to mechanical dysfunction, and incorrect positioning are the main complications.\[[@ref10]\]

We have developed a single port modified technique of laparoscopic placement of peritoneal dialysis catheter. The purpose of this study was to evaluate the clinical outcomes of this modified laparoscopic technique and open placements of peritoneal catheters.

MATERIALS AND METHODS {#sec1-2}
=====================

Medical records of 49 patients (18 male, 31 female) on PD were reviewed between January 2002 and February 2014. The median age of patients was 15 (range: 3-18 year) in females and 12 (range: 6-17 year) in males. Age, sex, cause of ESRD, catheter insertion method, kt/V rate, peritonitis or other complications, and catheter survival rate were reviewed. The etiology of ESRD was urologic origin in nine patients, nephrologic origin in 20 and etiology could not be determined in 20 patients \[[Table 1](#T1){ref-type="table"}\].

###### 

Etiologies of end stage renal disease (ESRD).
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Kt/V (K; dialyzer clearance of urea, t; dialysis time, V; volume of distribution of urea in the body) is a parameter which is used to quantify the dialysis treatment adequacy.

All surgical procedures were performed under general anesthesia and all patients received a double-cuff curled PD catheter (Kendall, Tyco® peritoneal catheter, Hampshire, UK).

Surgical techniques {#sec2-1}
-------------------

*Open surgical method*; A midline vertical incision was made under the umbilicus and the catheter was inserted into Douglas pouch. Intramuscular tunnel was created up to supra-umbilical area in a semilunar shape. The catheter was passed through the tunnel and exit to the skin. Only the patients, whose omentum is large and mobile enough to come to the incision, underwent omentectomy.

Laparoscopic method {#sec2-2}
-------------------

After diagnostic laparoscopy, the site of the catheter on the right abdominal wall was marked according to the supposed places of the cuffs of the catheter, keeping some distance to the umbilicus. An incision was made on the cranial mark. Afterwards, a subcutaneous tunnel directing caudally was created. The guidebar of the catheter-set was placed through the tunnel into the abdominal cavity. The entrance point of the guidebar into the abdominal cavity at the peritoneum represented the place of caudal cuff of the catheter. Thereafter, a dissector and the catheter itself were placed through the same tunnel. The catheter was placed to the Douglas pouch. An optic forceps made for bronchoscopy replaced the conventional laparoscopy telescope and was inserted through the umbilical port. The catheter was placed its final position. In all cases, the omentum was grasped by the optic forceps. The umbilical trocar is removed, while optic forceps grasping the omentum was kept in situ. The optic forceps with omentum were taken out through the trocar-site and the omentum was excised ex-corpo.

Peritonitis was defined as clinical features (abdominal pain, fever, and cloudy dialysate) and leukocytosis in dialysis solution (white blood cell count \>1000 µl with \>50% neutrophils).\[[@ref11]\]

In the case of peritonitis, the initial management is always conservative. Withdrawal of catheter is only indicated in patients with failed conservative treatment of systemic antibiotics or recurrent peritonitis attacks.

The application of dialysis before 2 weeks subsequent to catheter placement was defined as "early usage" and after 2 weeks as "late usage."

Statistical analysis {#sec2-3}
--------------------

Descriptic statistics were performed. For comparison of groups, ANOVA or Kruskal-Wallis variance analysis, Chi-square test or Fishers' exact test, and Mann-Whitney U test were used after normality analysis.

RESULTS {#sec1-3}
=======

Thirty-three of the catheters were placed by open method (21 female and 12 male) whereas 16 were placed by laparoscopy (10 female and 6 male). The mean age of the patients was 11.95 ± 0.61 (12.12 ± 0.75 in open group; 11.62 ± 1.05 in the laparoscopic group). There was no difference between open and laparoscopic methods, as well as between males and females.

Total of 29 patients had peritonitis (59.1%) (16 females and 13 males) and only four of them developed after laparoscopic placement (25% in laparoscopic 75% in open group). The frequency of the peritonitis was significantly less in patients with laparoscopic access when compared to those with open method (*P* = 0.001). Patients with peritonitis were younger (10.95 ± 0.8) than those without peritonitis (13.4±0.85) (*P* = 0.049) \[[Table 2](#T2){ref-type="table"}\]. There was no significant difference in frequency of peritonitis between patients with underlying urologic or nephrological problems (*P* = 0.167) \[[Table 3](#T3){ref-type="table"}\]. Initially, all patients with peritonitis were treated conservatively, but in nine patients with peritonitis, the conservative management failed and we had to remove these patients' catheters.

###### 

Mean age and length of PD measurement according to PD technique, presence of peritonitis
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###### 

Number of peritonitis and other complications according to PD technique and etiology of ESRD
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In nine patients, the catheter was used early after placement. Three of them had peritonitis. Dialysate leakage was not observed in patients with early usage. Forty patients were in the "late use" group and 23 of them developed peritonitis. There was no significant difference between early and late usage of PD according to development of peritonitis (*P* = 0.455).

Other complications were in total of 12 patients (24.5 %) including catheter leakage (*n* = 5), catheter obstruction leading to inadequate inflow and outflow (*n* = 4), exit-site or tunnel infection (*n* = 3). No significant difference was found between the open (nine complications) and laparoscopic (three complications) groups in terms of complication development (*P* = 0.541). Complication frequency was not different between patients with urological and nephrological problems either (*P* = 0.406) \[[Table 3](#T3){ref-type="table"}\]. In the laparoscopic group, two patients had catheter obstruction and one patient had a leakage. Patients with leakage were treated conservatively (Decreasing filling volume, switch to automated peritoneal dialysis temporarily). From the patients with catheter obstruction, three catheters were revised and the remaining one recovered without surgical intervention. One patient had catheter migration; his catheter was removed. Patients with exit-site or tunnel infection were treated conservatively.

Five patients were converted to hemodialysis due to recurrent peritonitis. None of them belonged to the laparoscopic group. Renal transplantation was performed in 12 patients. Inguinal hernia was developed in four male patients subsequently and one of them was bilateral.

Catheter survival rate for the first and second years was 95% in both groups and catheter survival rate for the 5 years were 87.5% in the open group. Since inadequate number of patients in the laparoscopic group had surveyed longer than 5 years, we are not able to measure catheter survival rate for 5 years in those patients.

The mean kt/V which indicates the effectiveness of peritoneal dialysis was 2.26 ± 0.08 in all patients. kt/V values were not different between laparoscopic and open approach groups (2.20 ± 0.17 vs 2.28 ± 0.1) (*P* = 0.416).

Three patients died due to septic complications and peritonitis. All of them were in the open group. There was no significant difference of survival between open and laparoscopic groups.

Microbiologic analysis of the blood and/or peritoneal fluid of those with peritonitis is shown in [Table 4](#T4){ref-type="table"}.

###### 

Number of positive cultures in patients with peritonitis
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DISCUSSION {#sec1-4}
==========

PD is an effective and alternative method for renal replacement therapy in children with ESRD to enhance patient\'s survival and quality of life. The major advantage of the PD is its easy use as home setting by caregivers.\[[@ref12][@ref13]\] There are three main methods available for PD placement including open, laparoscopic approaches, and Seldinger method. In all types of placements, complications may occur such as catheter obstruction and leakage, tunnel infection, or peritonitis. These complications may decline the quality of life of the patients and duration of catheter.\[[@ref14][@ref15][@ref16]\]

Laparoscopic catheter placement for PD provides direct vision, minimal invasion, and accurate positioning of catheter into pelvis\[[@ref17][@ref18][@ref19]\] as well as a more proper omentectomy. Many investigators suggested that laparoscopic catheter placement is superior to open method in terms of the complication rate (especially peritonitis) and catheter survival.\[[@ref8][@ref20]\] In this study, we did not detect such advantages except peritonitis which was very low in laparoscopic group (25 in open group vs 4 in laparoscopic group). The cause of dialysis associated peritonitis in children is not clear. Contamination, training, prophylactic antibiotics, patient age were primary factors that affect the incidence of peritonitis. The incidence of peritonitis was less in laparoscopic catheter insertion group. Accurate placement with direct vision provides more appropriate positioning of the catheter. Omentectomy was performed in all of our patients with laparoscopic access by direct vision. Laparoscopic insertion favors in terms of omentectomy because of better vision of omentum. We think omentectomy decreases complication rate particularly related to obstruction and peritonitis,\[[@ref15][@ref21]\] though survival rates were similar in both groups in the current study. The reason might be shorter duration of follow up for patients with laparoscopic catheter placement.

Many studies suggested that laparoscopic catheter placement has no obvious advantages over open placement according to complication rate, cost-effectiveness, and length of procedure.\[[@ref17][@ref22][@ref23]\] However, we suggest laparoscopic placement has lower peritonitis rate and less incidence of catheter migration due to the ability of direct vision of peritoneal cavity. Similarly, some authors\[[@ref24][@ref25]\] claim that placement modality catheter survival had no superiority on catheter survival, but some others\[[@ref2][@ref26]\] suggest that laparoscopic placement had higher catheter survival.

Many technical modifications have been described for the laparoscopic placement.\[[@ref27]\] Our modified method provides an easier placement. The usage of optic forceps for the laparoscopic insertion of peritoneal dialysis catheter facilitates the dissection. It reduces the need for additional trocar and provides appropriate position of the catheter. The omentectomy is much simpler than other laparoscopic placement methods.

In conclusion, catheter survival rate was excellent both in open and single port laparoscopic surgery groups. None of the method is complication free and rates of complications are similar in both groups except the peritonitis which is significantly lower in the laparoscopic group. The single port laparoscopic method for the CPD seems to be safe, effective, and cosmetically superior. Laparoscopic method for CPD may lead to less peritonitis episodes.
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